Background More attention has been paid to psychosocial conditions as possible risk factors for cardiovascular disease (CVD) and the impact of accumulated major life events (MLE) on the development of CVD has received little attention.
Introduction
More attention has been paid to several psychosocial conditions as independent risk factors that may contribute to the development of ischaemic heart disease and stroke.
Depression [1] [2] [3] and lack of social contacts [4] are some of the psychosocial factors that have been proposed and several studies find an association independent of traditional risk factors. Major life events (MLE) such as loss of a child and marital dissolution have also been studied as potential risk factors for CVD with different results [5, 6] . The Interheart study, a large case-control study, found that accumulation of stressful life events 12 months before acute myocardial infarction (MI) was more frequent in cases than controls [7] , whereas a prospective study, which included only men, found no relationship between MLE and MI [8] . There are no previous studies of MLE and stroke.
From a life course perspective it is possible that MLE experienced in childhood and adulthood may be psychosocial stressors that increase the risk of CVD. The potential health effects of psychosocial factors measured over the life course have been described by the cumulative and the sensitive period model, but it has never been applied to studies of the effect of MLE on health outcomes. The model of accumulation states that the number and the intensity of unfavourable exposures adversely affect health in a dose-response-like manner. Applying this model to MLE, number of events should be associated with increased health risks. In contrast, the sensitive period model implies that some periods in life are more sensitive to harmful effects of MLE. Childhood may be regarded as a particularly sensitive period because other important life transitions take place during this time.
The aim of this study was to examine the joint and separate influences of MLE during childhood and adulthood on the development of CVD and explore whether any such associations were mediated by other psychosocial or behavioural factors. Furthermore, the objective was to determine whether there are any sex differences, as men and women can be expected to differ in exposure, reaction to and effects of MLE.
Methods

Population
The study is based on data from the third examination (1991-1994) of the Copenhagen City Heart Study [9] , comprising 10 135 individuals (response rate 61%). A total of 593 patients were excluded owing to prior hospital discharge with a diagnosis of stroke or MI obtained from the Danish National Register of Patients. Thus, the study population consisted of 9542 individuals free of diagnosed CVD at baseline: 5454 women and 4088 men.
Variables
Cardiovascular risk factors were assessed using a selfadministered questionnaire, a physical examination and paraclinical tests. MLEs were self-reported and for the accumulation analyses categorized into the following two subsets: childhood (five items) and adulthood (six items).
Positive responses were summed for each person within each category and categorized into zero, one or more than one events within the two subsets. Several of the MLE experienced in adulthood were related to parenthood and participants without children were excluded, but there was insufficient statistical power to analyse participants without children separately. Analyses of effect of MLE in childhood were based on 8916 participants, MLE in adulthood on 6578 participants and MLE accumulated over a life course on 6519 participants.
Risk factors regarded as confounders/mediators were measured as follows: tobacco consumption was categorized into never-smokers, ex-smokers, current smokers of 1-15 g tobacco per day and current smokers of more than 15 g tobacco per day. Alcohol consumption was categorized according to weekly intake: no alcohol consumption, 1-7, 7-14, 15-21 and more than 21 units per week. One unit was defined as 9-13 g alcohol. Diabetes was selfreported. Physical activity in leisure time was classified as follows: sedentary, moderate activity less than 4 h and moderate activity more than 4 h per week. Medicine use was self-reported and categorized into antihypertensive medication, cholesterol-lowering medication and hormone replacement therapy (women). Systolic blood pressure was measured in a sitting position after 5-min rest using a London School of Hygiene sphygmomanometer and divided into the following four categories: less than 120, 120-140, 140-160 and greater than 160 mmHg. Body mass index (BMI) was categorized into: BMI < 18.5, 18.5 r BMI < 25, 25 r BMI r 30 and BMI > 30. Atrial fibrillation was registered by ECG and classified according to the Minnesota classification [10] . Blood lipids and blood glucose were measured nonfasting. Socioeconomic status: education level was classified as less than 8 years of schooling, 8-11 years of schooling and more than 11 years of schooling. Employment was categorized into self-employed or superior skilled employee, subordinate skilled employee, unskilled employee/unemployed and pensioner/working at home. Household income was classified into four quartiles. Cohabitation was categorized as living alone or not living alone. Vital exhaustion, a measure of depression and fatigue, was estimated by using a 17-item questionnaire modified from Appels [11] . Positive responses were summed for each person and divided into four categories as used earlier [2] : 0, 1-4, 5-9 and 10-17.
Endpoint
Outcomes were first-ever MI (n = 443), (International Classification of Diseases, ICD-8 diagnosis codes 410-414 until 1 January 1994, ICD-10 diagnosis codes I21 to I25 from 1994 onwards) or ischaemic stroke (n=350), (ICD-10 diagnosis code I60-I69 and G45), both fatal or nonfatal obtained from the Danish National Register of Patients. Forty-three participants had both MI and stroke. All strokes were validated [12] . Strokes validated as cerebral ischaemic stroke (n=233) or cerebral strokeunspecified (n=117) were used in the analyses, whereas strokes classified as cerebral haemorrhage (n=43), brainstem stroke (n=2), subarachnoid haemorrhage (n=43), transient ischaemic attack (n=47) or undefined (n=2) were excluded. Inclusion of unspecified stroke was chosen because of the fact that 85% of all strokes are ischaemic. Data were collected from the beginning of the examination until 2001.
Statistical analysis
The Cox proportional hazards model was used to describe MLE as a potential risk factor for CVD. Age was used as the underlying time scale and age at baseline was used as entry time. Each patient contributed with time at risk from baseline to endpoint, death or lost to follow-up (< 1%), whichever came first. Several risk factors are known to have a nonlinear relationship with IHD and stroke (e.g. BMI, alcohol and blood pressure). To assure optimal adjustment, covariates were treated as categorical variables as described. Statistical analyses were performed for MI and stroke separately. Initial analyses were performed for men and women separately. If effects of MLE did not differ by sex (formally tested by tests of interaction), subsequent analyses were carried out on pooled data controlled for sex. Effect of each of the confounders was tested with respect to interaction with sex. For atrial fibrillation and ischaemic stroke, a significant interaction with sex was found but this had no influence on the MLE estimate. The assumption of proportional hazards was tested formally as described by Grambsch and Thernau [13] and was met. Then, models were performed with four different levels of adjustments using sex and age (in the time axis) in the first model; adding vital exhaustion in the second model; using age, sex, traditional biological and behavioural risk factors (smoking, diabetes, physical activity, blood pressure and cholesterol-lowering drugs, systolic blood pressure, body mass index, atrial fibrillation, blood lipids) in the third model and adding socioeconomic risk factors (cohabitation, education, household income) and vital exhaustion in the fourth model (Tables 3 and 4 ). Table 1 presents the baseline characteristics of the study cohort by sex. The mean age of women was higher than that of men; fewer women had CVD and CVD in women occurred at a higher age. Both men and women had approximately two-and-a-half MLE seen from a life course perspective. Approximately half of the cohort was a smoker and 12-13% had a sedentary lifestyle. Men had a more adverse risk factor profile regarding lifestyle; more men smoked and their alcohol consumption and proportion of diabetics were almost twice as high as in women. A higher proportion of the women was living alone and had lower household income.
Results
Study cohort at baseline
Accumulation of MLE (no MLE vs. having one or more MLE) in childhood and adulthood, respectively, was associated with increased smoking and alcohol consumption, although differences were not large. Notably, systolic blood pressure was significantly lower in patients with accumulation of MLE. There was no consistent association between accumulated MLE and other CVD risk factors. Table 2 shows hazard ratios (HR) for each MLE item and the risk of MI and stroke, respectively. There were no associations between the MLE items and MI in childhood or in adulthood. Financial problems in childhood were associated with risk of stroke with an HR of 1.71 (95% CI: 1.29-2.26). However, on analysing for sex differences, the association was found in women but not in men: HRs were 2.28 (95% CI: 1.58-3.28) and 1.19 (95% CI: 0.76-1.86), respectively (test for interaction between sex P=0.03)(not shown). In adulthood, financial problems were associated with stroke with an HR of 1.60 (95% CI: 1.12-2.30), but no sex differences were found. No other single MLE were associated with risk of stroke.
Single major life events
Accumulated major life events
Neither accumulated MLE in childhood nor adulthood was associated with increased risk of MI (Table 3 ). An association between MLE in childhood and stroke was found with an HR of 1.41 (95% CI: 1.06-1.90) for more than one event. HR was not attenuated much by adjustment for traditional and socioeconomic risk factors, whereas vital exhaustion, a measure of depression and fatigue, attenuated HR with approximately 33%. A relationship between accumulated MLE in adulthood and ischaemic stroke was found reaching a maximum HR of 1.48 (95% CI: 1.08-2.02), also with a 33% reduction of the excess risk by adjustment for vital exhaustion. No sex differences for accumulated MLE in childhood or adulthood were found. Finally, Table 4 presents MLE from a life course perspective, defined as accumulated MLE in childhood and adulthood, and the association with the risk of ischaemic stroke and MI. As with childhood and adulthood as separate categories, no 
Discussion
This first prospective cohort study on the influence of MLEs during the life course on the risk of MI and stroke showed that accumulation of MLE in childhood and adulthood are associated with a modest increase in the risk of stroke in both women and men, whereas there were no associations with MI. Associations were somewhat attenuated by adjustment for vital exhaustion suggesting that psychosocial factors may have a mediating role.
Few studies have studied the effect of MLE on MI with different results. The Interheart Study [7] , a casecontrol study, investigated the associations of several psychosocial stressors, including occurrence of major adverse life events, with the risk of acute MI in different populations. The study found that stressful life events in the 12 months before MI (business failure, major intrafamily conflict, job loss, death of spouse and violence) HR, hazard ratio. a Adjusted for age and sex. b Adjusted for age, sex and vital exhaustion. c Adjusted for age, sex and traditional risk factors: smoking, diabetes, physical activity, blood pressure and cholesterol-lowering drugs, systolic blood pressure, body mass index, atrial fibrillation and blood lipids. Alcohol consumption, hormone replacement therapy, familiar disposition and blood glucose were not associated with stroke or myocardial infarction in this study sample. d Adjusted for age, sex, vital exhaustion, traditional and socioeconomic risk factors: cohabitation, education and household income. Employment was not associated with stroke or myocardial infarction in this study sample. *P value for test for trend. were more frequent in cases than in controls (1 event OR=1.21, > 1 events OR=1.48). This study explores MLE accumulated over a long period of time and has extended follow-up. If MLE increased the risk of MI for a limited time period after the life event, this may explain the discrepancy between the two studies. Rafanelli et al. [14] also found relationship between life events and MI in a case-control study. Life events were found to be significantly more frequent in patients suffering from MI than in controls. However, the events reported were heterogeneous in quality, involving both positive desirable changes and negative undesirable changes. This raises the question whether patients actually experience more events before illness, or whether associations in case-control studies are spurious because of systematic differences between cases and controls in recall of MLE.
In a prospective study of 12 866 men with high risk of coronary heart disease, Hollis et al. [8] found that MLE were associated with angina but not with hard endpoints such as MI, coronary heart disease and total mortality. This could indicate that individuals who report more MLE also report more symptoms even without having cardiovascular disease. However, one register-based prospective study with 17 years of follow-up [5] has reported an association between loss of a child and MI (relative risk=1.31-1.58). The study adjusted for potential confounders such as education and residence, but not for other cardiovascular risk factors. There are no previous studies of MLE and stroke.
The major finding of the study is the moderate association between both childhood and particularly adulthood MLE and risk of stroke. Associations were similar in both men and women. The relationship was actually strengthened by adjustment for other cardiovascular risk factors. This reflects the inverse association between systolic blood pressure and some socioeconomic factors and MLE, which in itself is a surprising finding. Interestingly, Theorell et al. [15] reported in a study of young men that asymptomatic hypertensive men report fewer MLE than nonhypertensive men. The study also showed that hypertensive men had fewer social contacts, which could result in fewer possible MLE. In both MLE in childhood and adulthood adjustment for vital exhaustion attenuated, the HRs by approximately 33%. Vital exhaustion is a measure of depression and fatigue and it would seem plausible that part of the increased risk associated with MLE is mediated through psychosocial factors.
From a life course perspective the study partly supports the model of accumulation, but the results are not convincing.
The findings also fail to support the sensitive period model, as the estimates for childhood and adulthood are similar.
The finding that there was an association with stroke but not with MI puzzles us. If these findings can be confirmed they would imply that the mechanisms through which MLE and possibly other psychosocial factors exert their effect should be sought for in the pathways where MI and stroke differ.
The strengths of this study are several. By using a prospective design with data collected before the onset of CVD reporting bias is prevented. The large sample size of 9542 participants, the participants' wide range of age and the 750 cardiovascular events during the 6-9 years followup period are also to be considered strengths, as well as the wide range of confounders included in the analysis. In contrast to a number of studies, we used register-based strokes that have been validated. Krarup et al. [12] investigated the validity of the register-based stroke diagnosis and found that one in six strokes in the Danish National Register of Patients did not meet the criteria of the World Health Organization stroke definition, and 66% of strokes classified as 'unspecified' were found to be ischaemic. Thus, endpoints based on registers that have not been validated may tend to overestimate the number of cerebrovascular events and underestimate the number of ischaemic strokes.
The study also has limitations. MLE are self-reported. Studies have shown that self-reported childhood disadvantage does not have high validity when compared with school records [16] . However, only if the bias in self-report is differential, that is, associated with both MLE and outcomes, then it affect the results . There is no reason to suspect this. In addition, as the effect of MLE is exerted through the individuals' reaction to these events, perceived MLE may more accurately reflect exposure.
Conclusion
This large population-based cohort study questions the previously reported associations between MLE and MI. The results suggest that MLE convey a moderately increased risk of stroke, which is partly explained by vital exhaustion, a measure of depression and fatigue. To our knowledge, this is the first study of MLE as risk factor for stroke. Further studies are needed to confirm these findings.
